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(54) Method and apparatus for diagnosis of skin lesions 



(57) A method, and apparatus for determining skin 
lesion parameters comprise directing light to the skin in 
which the lesion is located and monitoring the reflection 
of that light. Then, the spatial and spectral distribution 
of the reflected light is analyzed. The depth is deter- 
mined by finding a location where the difference be- 
tween a spectral intensity of reflected light and an aver- 
age reflected intensity is greater than a maximal differ- 
ence between the intensity of each point and an average 



intensity for normal skin. The wavelength of the light re- 
flected from the location is determined, and from the 
wavelength the penetration depth is determined. The 
penetration depth is also the depth of the lesion below 
the skin surface. The size is determined by determining 
a plurality of locations where the deviation between the 
spectral intensity and the average intensity is greater 
than the maximal deviation for normal skin. Based on 
the spatial distribution of the locations the size of the 
lesion is determined. 
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Description 

FIELD OF THE INVENTION 

The present invention relates generally to the art of 
diagnosing skin lesions. More particularly, the invention 
relates to a method and apparatus for analyzing the spa- 
tial and spectral distribution of light reflected by a skin 
lesion to diagnose the lesion, for example, by determin- 
ing skin type, lesion size and depth. 

Skin lesions may be treated a number of ways. One 
known treatment method includes directing laser and/or 
noncoherent pulsed light. The lesion absorbs energy 
from the light and is thus treated (by coagulation e.g.). 
This method is particularly useful for treating vascular, 
pigmented and malignant lesions. Generally, such a 
treatment is based on selective thermocoagulation of 
vessels or protein. One possible side effect of such 
treatment, if done improperly, is damage of the sur- 
rounding tissue by the light energy. 

Effective treatment of a skin lesion without damag- 
ing the surrounding tissue is easier if light pulse param- 
eters, such as pulse duration, spectrum, pulse energy, 
spot size and delay between consequent pulses, are 
properly selected. Proper selection of the optimal pa- 
rameters for an individual patient depends on knowl- 
edge of the lesion location depth and diameter, as well 
as the patient's skin type or pigmentation level. See, for 
example, S.L.Jacques, Role of skin optics in Diagnostic 
and Therapeutic Uses of Lasers, Laser in Dermatology, 
Springer-Veiiag, 1991, pp. 1-21. Knowledge of these 
parameters contributes significantly to the success of 
photothermolysis treatment of various problems such as 
vascular, pigmented and malignant lesion. 

Thus, there is a need to diagnose the patient's skin 
pigmentation, the lesion depth and the lesion size. Ul- 
trasound diagnostics can be used for determination of 
lesion size and location but it does not give information 
about skin pigmentation. Consequently a method and 
apparatus for diagnosing all of these clinical parameters 
is desirable. 

Moreover, such a method should be effective, and 
relatively easy to use. Additionally, such a method 
should be useful for follow-up diagnostics of lesion 
transformation, and take into account any changes in 
skin color. 

SUMMARY OF THE PRESENT INVENTION 

In accordance with one aspect of the invention a 
method and apparatus for determining skin lesion pa- 
rameters comprise directing light to the skin in which the 
lesion is located and monitoring the reflection of that 
light. Then, the spatial and spectral distribution of the 
reflected light is analyzed. 

In one embodiment the lesion depth and lesion size 
are determined, and the skin type or pigmentation is de- 
termined. In another embodiment the depth and size are 



determined by determining a maximal deviation in the 
reflected spectrum digitally. 

The reflected light may be monitored by scanning 
with a small spot size spectrum analyzer or using an ar- 

s ray of sensors for full area monitoring. 

In one embodiment the analysis includes determin- 
ing a spatial and spectral distribution of the reflected 
light and calculating an average reflected spectrum and 
a reflected spectrum deviation from the average spec- 

io trum. The deviation of the spectrum reflected by the le- 
sion is compared to a deviation of a spectrum reflected 
by normal skin and a numerical analysis of the relative- 
differences in the reflected spectra is used to determine 
the location and size of the lesion. 

is in another embodiment the analysis includes calcu- 
lating an average reflected spectrum of normal skin, in 
accordance with the formula 
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where J(X) is a reflected light spectral intensity for point 
n and X is wavelength. Then a maximal difference be- 

2S tween the average reflected spectrum, J S (X), and each 
individual point, J X (X) is calculated. The average spec- 
tral intensity of reflected light is compared with a stand- 
ard reflection spectra for the skin to determine the type 
of skin being diagnosed. 

30 in yet another embodiment the analysis includes 
determining the depth of the lesion by finding a location 
where the difference between a spectral intensity of re- 
flected light and an average reflected intensity is greater 
than a maximal difference between the intensity of each 

3S point and an average intensity for normal skin. The 
wavelength of the light reflected from the location is de- 
termined, and from the wavelength the penetration 
depth is determined. The penetration depth is also the 
depth of the lesion below the skin surface. 

40 In yet another embodiment the analysis includes 
determining the size of the lesion by determining a plu- 
rality of locations where the deviation between the spec- 
tral intensity and the average intensity is greater than 
the maximal deviation for normal skin. Based on the 

*s spatial distribution of the plurality of locations the size 
of the lesion is determined. 

Other principal features and advantages of the in- 
vention will become apparent to those skilled in the art 
upon review of the following drawings, the detailed de- 

50 scription and the appended claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

For a better understanding of the invention, refer- 
55 ence is made to the accompanying drawings, in which 
like numerals designate corresponding elements or sec- 
tions throughout, and in which: 
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Figure 1 is a graph showing effective penetration 
depth of light into the bloodless skin (dermis) as a 
function of wavelength in the range of 400nm to 
1000nm for the different case of skin pigmentation; 
and 

Figure 2 is a block diagram of the device for spectral 
and spatial analysis of the reflected light. 

Before explaining at least one embodiment of the 
invention in detail it is to be understood that the invention 
is not limited in its application to the details of construc- 
tion and the arrangement of the components set forth in 
the following description or illustrated in the drawings. 
The invention is capable of other embodiments or being 
practiced or carried out in various ways. Also, it is to be 
understood that the phraseology and terminology em- 
ployed herein is for the purpose of description and 
should not be regarded as limiting. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The invention relates to a new method and appara- 
tus for diagnosing skin lesions. More particularly the in- 
vention provides for determining the location and size 
of a skin lesion, as well as a patient's skin pigmentation 
(type). The invention will also allow for follow-up diag- 
nosis, taking into account changes in skin pigmentation. 

Generally, in accordance with the present invention, 
a spectral and spatial analysis of reflected visible light 
is used to determine the full set of clinical parameters 
such as skin pigmentation, lesion size and depth. A le- 
sion image is analyzed using the dependence of light 
penetration into tissue on wavelength, and differences 
between the optical properties of normal skin and le- 
sions. Specifically, an analysis of the spatial distribution 
of color balance, determining the reflected spectrum of 
normal skin, and comparing that to the reflected spec- 
trum of lesion allows determination of lesion location 
and size. 

Additionally, using standard illumination of skin sur- 
face, skin pigmentation and peculiarities of light interac- 
tion with skin can be determined. 

The effective depth that light penetrates into the 
skin can be estimated by using the effective attenuation 
coefficient of the dermis (p^) that takes into account 
scattering and absorption of light. Following Jacques 
(above) the effective attenuation coefficient of the skin 
can be written as: 

where is the absorption coefficient of dermis, u, is the 
scattering coefficient of dermis, g is the anisotropy fac- 
tor, which is defined as the average cosine of scattering 
angle for one scattering event. 

Given the effective attenuation coefficient, u. eR , the 
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effective penetration depth (d) can be estimated from d 
= 1/ u. off . The effective penetration depth, d, is shown in 
Figure 1 for fair and dark northern European skins as a 
function of wavelength. 
s The effective penetration depth -4 is defined as the 
depth at which the fluence of the light in the skin is 1/e 
of the value of the fluence of the light that impinges on 
the surface of the skin. As may be seen on the graph, 
penetration is nearly four times greater when the wave- 
10 length is 650nm, compared to 400nm. Penetration 
depths of 1mm (0.1cm) can be achieved at a red light 
(560-660nm), penetration depths of 0.7mm are 
achieved by green light, and blue light does not pene- 
trate beyond depths as little as 0.45mm. As shown on 
is the graph, radiation with longer wavelengths penetrates 
more deeply into the skin. 

One important feature of lesions is that they cause 
changes in reflected light color. The present invention 
utilizes that feature and the varying penetration of light 
zo by analyzing the changes in reflected light color to de- 
termine the depth of the lesion. The wavelength of the 
changed color is responsive to the depth of the lesion. 
For example, changes in the red part of spectrum occur 
if the lesion is located at a depth of more than 0.7mm. 
25 Moreover, the changes in reflected light color can 
also be used to determine lesion size. Specifically, le- 
sion size is determined by an analysis of the spatial dis- 
tribution of the spectrum changes caused by the lesion. 
According to one embodiment of the present inven- 
30 tion the spatial and spectral reflection image of the skin 
surface can be realized by area scanning with a small 
spot size spectrum analyzer. In accordance with a sec- 
ond embodiment of the invention the spatial and spec- 
tral reflection is realized by full area analysis with a spee- 
ds tral sensitive array of sensors. 

The device used to implement one preferred em- 
bodiment of the invention is shown in Figure 2 and in- 
cludes a light source 201 , a spectrum analyzer 202, and 
a computer 203. 
40 Light source 201 is preferably calibrated and is used 
to illuminate the surface of the skin. Moreover, the light 
source is preferably capable of providing light over a 
range of wavelengths. One suitable light source would 
be a flashlamp. Filters may be used to remove unwanted 
*s wavelengths. 

Spectrum analyzer 202 includes something to mon- 
itor the light, such as a CCD camera connected to com- 
puter 203 through an imaging processing board which 
is part of computer 203. In a preferred embodiment the 
so CDD camera is a color CCD camera and it is used as a 
simple spatial and three color spectrum analyzer. In ad- 
dition to an imaging processing board computer 203 in- 
cludes software for spatial and spectral distribution light 
reflection analysis. Computer 203 is used because of 
55 the ability to process data, however, the data may be 
processed with other means, such as analog circuitry, 
or manually. 

Using the apparatus described above (or other suit- 
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able apparatus) the analysis of skin lesions includes the 
following steps: reading the spatial and spectral distri- 
bution of the reflected light; calculating the average re- 
flected spectrum of normal skin and the deviation of the 
spectrum reflected by normal skin from the average 
spectrum reflected by normal skin; determining the type 
of skin; comparing the spectrum reflected by the lesion 
to the average spectrum reflected by normal skin of that 
type; performing a numerical analysis of the relative 
changes in the reflected spectrum; and determining the 
depth and size of the lesion from the data. 

One suitable manner in which the analysis of the 
reflected light spectrum of normal skin follows. To cal- 
culate average reflected spectrum of normal skin, the 
reflected light spectral intensity, J(X), at n points is meas- 
ured. Given the measured J(X) for each point n, the av- 
erage reflected light spectral intensity is given by: 



c 



■w = 



where X is wavelength. 

A maximal difference, AJ(X), between J S (X) and J x 
(X) gives the spectral variation of normal skin reflection. 
The skin pigmentation is determined by comparing the 
average spectral intensity of reflected light with the 
standard reflection spectra for different skin types. 

The lesion depth is determined by finding the loca- 
tion where the difference between the spectral intensity 
of the light reflected by the lesion and J S (X) is greater 
than AJ(X) (i.e., the deviation is larger than normal). 
Then the maximal wavelength, X^^, at the locations 
having larger than normal deviations between the lesion 
reflection and AJ(X) occurs is determined. Finally, using 
X^a,, and the graph of Figure 1 , the penetration depth is 
determined. The penetration depth gives the distance, 
1(x,y), from the skin surface to the lesion. Thus, the le- 
sion depth is determined. Analysis of spatial distribution 
of 1(x,y) gives the lesion size. 

Thus, it should be apparent that there has been pro- 
vided in accordance with the present invention a method 
and device for diagnosing skin lesions that fully satisfy 
the objectives and advantages set forth above. Although 
the invention has been described in conjunction with 
specific embodiments thereof, it is evident that many al- 
ternatives, modifications and variations will be apparent 
to those skilled in the art. Accordingly, it is intended to 
embrace all such alternatives, modifications and varia- 
tions that fall within the spirit and broad scope of the 
appended claims. 



Claims 

1. A method of determining skin lesion parameters 
characterised by the steps of: 



io 3. 



is 
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25 



30 



35 



directing light to the skin in which the lesion is 
located; 

monitoring light that is reflected; and 
analysing the spatial and spectral distribution 
of the reflected light 

A method as claimed in claim 1 wherein the lesion 
depth and lesion size are determined. 

A method as claimed in claims 1 or 2 wherein the 
skin type is determined, 

A method as claimed in claims 1 , 2 or 3 wherein the 
step of analysing includes the steps of: 

determining a spatial and spectral distribution 
of the reflected light; 

calculating an average reflected spectrum; 
calculating a reflected spectrum deviation from 
the average spectrum; 

comparing the deviation of the spectrum re- 
flected by the lesion to a deviation of a spec- 
trum reflected by normal skin; 
performing a numerical analysis of the relative 
differences in the reflected spectra; and 
determining the location and size of the lesion. 

A method as claimed in anyone of claims 1 -4 where- 
in the step of analysing includes the steps of: 

calculating reflected spectrum of normal skin, 
in accordance with the formula 



J,(X)= 



n 



40 



45 



SO 



55 



where J(X) is a reflected light spectral intensity 
for point n and X is wavelength; 
calculating a maximal difference between the 
average reflected spectrum, J S (X), and each in- 
dividual point, Jgf.X); and 
comparing an average spectral intensity of re- 
flected light with a standard reflection spectra 
for the skin. 

A method as claimed in anyone of claims 1 to 5 
wherein the step of analysing includes determining 
the depth of the lesion by: 

determining a location where a difference be- 
tween a spectral intensity of reflected light and 
an average reflected intensity is greater than a 
maximal difference between the intensity of 
each point and an average intensity for normal 
skin; 

determining wavelength of the light reflected 
from the location; and 

determining the penetration depth of the re- 
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fleeted light, wherein the depth of the lesion 
from the skin surface is determined to be the 
penetration depth. 

7. A method as claimed in claim 6 wherein the step of s 
analysing includes determining the size of the le- 
sion by: 

determining a plurality of locations where the 
difference between the spectral intensity and J 9 "> 
(X) is greater than AJ(X); 
analysing the spatial distribution of the loca- 
tions; and 

determining the size of the lesion from the spa- 
tial distribution. '5 



14. An apparatus as claimed in claim 8 wherein the 
means for analysing includes: 

means for determining a plurality of locations 
where the difference between the spectral in- 
tensity and J 9 (X) is greater than AJ(X); 
means for analysing the spatial distribution of 
the locations; and 

means for determining the size of the lesion 
from the spatial distribution. 



8. An apparatus for determining skin lesion parame- 
ters characterised by: 



a source of light (201), disposed in a housing 20 
and capable of directing the light to the surface 
of the skin; 

a monitor disposed to receive light reflected by 
the skin; and 

means for analysing the spatial and spectral zs 
distribution of the reflected light, 

9. An apparatus as claimed in claim 8 wherein the 
means for analysing includes means for determin- 
ing lesion depth and lesion size, 30 



10. An apparatus as claimed in claims 8 or 9 wherein 
the means for analysing incudes means for deter- 
mining skin type. 

35 

11. An apparatus as claimed in anyone of claims 8-10 
wherein the monitor includes a small spot size scan- 
ner. 



12. An apparatus as claimed in anyone of claims 8-10 
wherein the monitor includes a spectral sensitive ar- 
ray of sensors. 

13. An apparatus as claimed in claim 8 wherein the 
means for analysing includes: 45 



means for determining a location where a dif- 
ference between a spectral intensity of reflect- 
ed light and an average reflected intensity is 
greater than a maximal difference between the so 
intensity of each point and an average intensity 
for normal skin; 

means for determining wavelength of the fight 
reflected form the location; and 
means for determining the penetration depth, ss 
of the reflected light, and wherein the depth of 
the lesion from the skin surface is determined 
to be the penetration depth. 
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